Objective To estimate the risk of hyperemesis gravidarum (hyperemesis) according to whether the daughters and sons under study were born after pregnancies complicated by hyperemesis.
INTRODUCTION
Hyperemesis gravidarum (hyperemesis) is defined as excessive nausea and vomiting in pregnancy starting before the 22nd week of gestation, which might lead to nutritional deficiencies and weight loss. 1 Hyperemesis occurs in 0.5-2.0% of pregnancies and is the most common cause of admission to hospital in early pregnancy. [2] [3] [4] [5] It is associated with adverse pregnancy outcomes such as low birth weight and preterm birth. [6] [7] [8] The aetiology is unknown. 2 3 A study using the medical birth registry of Norway found that the risk of hyperemesis in a woman's second pregnancy was 15.2% if hyperemesis had occurred in the first, compared with only 0.7% if it had not occurred. 9 For women with hyperemesis in the first pregnancy, the risk of hyperemesis in the second pregnancy was 10.9% after a change of partner, while it was 16.0% if the partner remained the same. 9 These findings suggest that there might be a genetic aspect to hyperemesis, possibly involving both maternal and fetal genes, although environmental factors cannot be ruled out.
To extend our understanding of the aetiology of this condition we examined the risk of hyperemesis according to whether or not the women and men under study were born after pregnancies complicated by hyperemesis. In addition, we estimated the risk of hyperemesis in women born after pregnancies not complicated by hyperemesis but where their mothers had hyperemesis in a previous or later pregnancy.
METHODS

Population under study
The medical birth registry is a population based, mandatory registry of all births in Norway and contains data from 1967 to the present, providing an opportunity to study the occurrence of birth outcomes across generations. [10] [11] [12] The midwife or physician attending the birth fills in a standardised form with demographic data on the parents, maternal health before and during pregnancy, complications and interventions during delivery, and the condition of the newborn. An antenatal card is completed for all pregnant women at the first routine examination in pregnancy, normally early in the first trimester. All complications during pregnancy are noted on the card. After birth a national identification number, which is unique for each inhabitant, is provided by the population registry of Norway. We had access to records for the period 1967-2006, comprising 2.3 million births. We linked the identification numbers for single born children (male or female) with identification numbers of mothers or fathers of single born children, including 544 087 units of mother and childbearing daughter and 399 777 units of mother and child producing son. The lower number of mother and child producing son units was mainly because of the older average age of fathers than mothers at the birth of their children and partly because of missing paternal data. The father's identification number in the last generation was missing for 1.2%.
We also selected women who had given birth to at least two daughters, both of whom were registered with at least one pregnancy in the registry. This enabled us to examine the risk of hyperemesis in women born after pregnancies that were not complicated by hyperemesis but where their mothers had hyperemesis in a previous or later pregnancy. We identified 37 714 families and excluded 32 with hyperemesis in both pregnancies in the first generation. For these pairs of sisters the risk of recurrence was high (odds ratio 27.5, 95% confidence interval 18.5 to 40.9). Restriction of analysis to the first pair of daughters, and their first pregnancies, resulted in only one record per family and thus independence within the material.
Variables
We obtained data on hyperemesis from the registry using ICD-8 (international classification of diseases, eighth revision) codes 638.0 and 638.9 for 1967-98 and ICD-10 (10th revision) codes O 21.0, O 21.1 and O 21.9 for 1999-2006. 1 The ICD coding at the registry was based on the information the attending midwife provided according to the woman's antenatal card as well as any hospital records. Admission to hospital was not a criterion for women to be registered with hyperemesis in the registry. Maternal age was categorised for both generations as <20, 20-24, 25-29, 30-34 , and ≥35. Parity was categorised as nulliparous or multiparous. The time period of birth in both generations was categorised into five year groups.
Statistical analysis
The relative risks of hyperemesis were estimated by odds ratios, calculated with logistic regression with SPSS for Windows (version 16.0) presented in three different models. Model 1 (mother-daughter recurrence) was a woman's risk of hyperemesis if she herself was born after a pregnancy complicated by hyperemesis. Model 2 (mother-son recurrence) was the risk of hyperemesis in female partners of sons who were born after a pregnancy complicated by hyperemesis. Model 3 (mother-daughters recurrence) was risk of hyperemesis in a woman born after a pregnancy not complicated by hyperemesis but whose mother had hyperemesis in a previous or subsequent pregnancy.
We adjusted for maternal age at birth, period of birth in both generations, and parity as possible confounders. The same mother could appear in more than one unit under study if she had more than one child. This introduced dependency in the data. We therefore used clustered robust standard errors as available through Stata (release 9). All 95% confidence intervals reported are based on these standard errors where relevant.
RESULTS
Model 1 (mother-daughter recurrence): hyperemesis in women born after pregnancy complicated by hyperemesis
The mothers from 544 087 mother and childbearing daughter units delivered during 1967-1993, while the daughters delivered their babies during 1981-2006. The mean year of birth for the two generations was 1972 and 2000, respectively. From 1967 to 1993, the prevalence of hyperemesis was 0.68% (3704 cases), while from 1981 to 2006 the prevalence was 1.06% (5791 cases). If the mother had hyperemesis, the risk of hyperemesis in the daughter (recurrence risk) was 3.00% compared with 1.05% if the mother did not have hyperemesis, corresponding to an unadjusted odds ratio of 2.90 (95% confidence interval 2.35 to 3.57) (table 1). For comparison, the adjusted odds ratio was 2.91 (2.36 to 3.59). An analysis of units in which both mother and daughter were firstborn showed a slight increase in risk.
Model 2 (mother-son recurrence): hyperemesis in female partners of men who were born after pregnancy complicated by hyperemesis In the second cohort of 399 777 mother and child producing son units, the mothers delivered their sons during , and the prevalence of hyperemesis was 0.57% (2290 cases). Female partners of these men delivered their babies during 1980-2006; the prevalence of hyperemesis was 1.13% (4526 cases). The female partner of the son had a risk of hyperemesis of 1.18% if his mother had had hyperemesis and 1.13% if his mother had not had hyperemesis (table 2). The odds ratio was not significantly different from the null value with an unadjusted odds ratio of 1.04 (0.68 to 1.58). Adjustment for the aforementioned possible confounders did not change our estimates. Restriction of the sample to firstborn in both generations did not influence the associations across generations.
Model 3 (mother-daughters recurrence): hyperemesis in women born after pregnancy not complicated by hyperemesis, but whose mother had hyperemesis in previous or subsequent pregnancy If the mother had hyperemesis in a previous pregnancy (leading to an older sister of the woman under study) but not in the pregnancy in which the woman under study was a fetus, the risk of hyperemesis was 3.08% compared with 1.00% if the mother had never had hyperemesis, corresponding to an unadjusted odds ratio of 3.15 (1.55 to 6.41) (table 3) . If the mother had hyperemesis in a later pregnancy (leading to a younger sister of the woman under study), the risk was 2.99% compared with 0.83% if the mother had never had hyperemesis; the unadjusted odds ratio was 3.70 (1.51 to 9.08) ( 
DISCUSSION
The risk of hyperemesis in a pregnant woman is threefold if the woman's mother had ever experienced hyperemesis in a pregnancy. This was regardless of whether hyperemesis had occurred in the pregnancy leading to the woman under study or in a previous or subsequent pregnancy. In contrast, female partners of men whose mother had hyperemesis during pregnancy did not have an increased risk of hyperemesis.
Strengths and limitations
Our population based cohort is based on mandatory reporting of a standardised dataset over a period of 40 years. Selection bias is not an issue. The validity of the data on hyperemesis in the registry is acceptable, as has been discussed in earlier publications. 9 13 The prevalence of hyperemesis was higher in the second generation. This finding is in line with previous studies and might be because of better registration of hyperemesis in the registry since 1999, increased awareness of the condition, or a real increase in prevalence.
9 13 14 When we adjusted for period of birth, maternal age, and parity in both generations, the association across generations did not change. Unfortunately, we did not have data on variables such as body mass index, smoking, educational attainment, and ethnic background. As most immigrants to Norway arrived after 1986, however, confounding by ethnicity in our dataset is unlikely to affect risk of recurrence across generations. In a previous study that linked data from the registry to educational information obtained from a registry in Statistics Norway, hyperemesis was not associated with maternal educational attainment. 13 Comparison with other studies We are not aware of any other population based studies of the recurrence of hyperemesis across generations. In a self selected sample from an internet survey there was a high degree of familial clustering of hyperemesis. 15 Other studies have reported that siblings and mothers of women with nausea and vomiting in pregnancy are more likely to have experienced the same symptoms. [16] [17] [18] A classic twin study, in which the correlation of liability towards nausea and vomiting in pregnancy was estimated for monozygotic and dizygotic twins, found that genetic variation probably explained about 50% of the population variance in this phenotype. 16 Hyperemesis is a rare condition, however, which occurs in only a few pregnancies, whereas nausea and vomiting in pregnancy is common. Currently we do not know how hyperemesis and nausea and vomiting in pregnancy are related. 3 
Implications
Hyperemesis tends to recur in pregnancies in the same woman. 9 An increased risk across generations further 
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Genomic imprinting is a possibility but is hard to establish as a cause in sex limited traits such as hyperemesis.
Smoking during pregnancy is associated with a reduced risk of hyperemesis and is a candidate for social transmission to daughters. 18 23-25 The birth registry has included information on smoking since 1999 but unfortunately not for earlier births.
A previous study on consanguinity and risk of hyperemesis in the birth registry showed that consanguinity did not increase the risk, implying that fetal recessive genes are not playing a major role in the development of hyperemesis.
14 A study of recurrence of hyperemesis in successive pregnancies in the same woman showed that there was less recurrence after a change of partner, suggesting that fetal genes could have a role. 9 Lifestyles and socioeconomic conditions, however, might change along with a change of partner. The lack of information on environmental factors in our study emphasises the need for more detailed epidemiological studies.
Previously, hyperemesis was believed to be caused by psychological mechanisms, such as an unconscious rejection of the child or partner. 26 Some women experiencing this condition are still told by their healthcare providers to "quit pretending to be sick." 27 The associated psychological symptoms, however, are considered by others to be a consequence of the condition. 28 Hyperemesis is known to reduce a woman's quality of life. 29 Women who have had hyperemesis seem to be less able to welcome new pregnancies and are more likely to consider a termination. 30 31 Conclusion and implications for clinicians Our results show a high intergenerational risk of recurrence of hyperemesis transmitted through the mothers to the daughters. The risk of hyperemesis among the daughters was increased regardless of whether or not they themselves were born after a pregnancy complicated by hyperemesis, as long as the mother had hyperemesis in a previous or subsequent pregnancy. Female partners of men who were born after a pregnancy with hyperemesis did not have an increased risk. Our findings suggest a stronger influence of the maternal genotype than the fetal genotype or a covariation of environmental factors along the maternal line.
This study provides a new perspective on the causation of hyperemesis. It might lead to a better appreciation of the underlying biology and should stimulate research into the genetic aetiology. This, as well as an understanding of the psychological consequences of experiencing severe nausea and vomiting, could be helpful for clinicians who treat and counsel women with hyperemesis gravidarum.
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